Introduction {#S0001}
============

In recent years, Descemet's stripping automated endothelial keratoplasty (DSAEK) has been commonly performed for endothelial dysfunction.[@CIT0001]--[@CIT0004] Among the eyes in need of DSAEK, there may be complex cases with aphakia, intraocular lens (IOL) luxation, and iris defects caused by trauma or multiple surgeries. Simultaneous surgery, "vitreo-corneal surgery" involving simultaneous DSAEK, flanged intrascleral IOL fixation, and pars plana vitrectomy (PPV) is an ideal approach for such eyes.[@CIT0005]--[@CIT0007] In comparison with staged surgery, simultaneous surgery can provide rapid visual rehabilitation, a reduction in patient costs, and the ability to utilize the same incision.

However, PPV has the potential risk of intraoperative iatrogenic retinal detachment which may require gas tamponade of the retina.[@CIT0008] Importantly, no one knows whether it is possible to achieve tamponade for both an anterior graft and the posterior retina at the same time. The purpose of the current study is to determine the visibility of the retina through an air-filled anterior chamber during simultaneous PPV and DSAEK, and to discuss the technical challenges of such a fluid-air exchange under these rare circumstances.

Methods {#S0002}
=======

The present study has followed the tenets of the Declaration of Helsinki and written informed consent was obtained by all subjects. An approval from the Ethical Committee of Kanazawa University Graduate School of Medical Science was also obtained (approval number 2019--029 (3063)). Between October 2018 and March 2020, 6 consecutive eyes from 6 patients (mean age, 61.3 ± 21.2 years; 2 females, 4 males) with coexisting bullous keratopathy and posterior segment problems such as vitreous opacity, retained silicon oil, IOL subluxation, or aphakia underwent simultaneous PPV and DSAEK ([Table 1](#T0001){ref-type="table"}). In all cases, after completion of 25-gauge PPV with/without flanged intrascleral IOL fixation, DSAEK donor tissue was inserted into the anterior chamber using NS Endo-Inserter (Hoya Surgical Optics, Tokyo, Japan) from the 4.6 mm width superior sclerocorneal incision. During the delivery, pars plana infusion flow was temporarily stopped, and a balanced salt solution flow of the inserter pushed the graft into the anterior chamber. Only in Case 3, a 9-0 polypropylene suture pulled the graft into the anterior chamber (lifeline suture technique).[@CIT0006] Air was injected into the anterior chamber to attach the donor graft to the back surface of the host cornea ([Figure 1](#F0001){ref-type="fig"}). At this point, visibility of the retina was evaluated using endoillumination and the RESIGHT^®^ 700 wide-angle viewing system (Carl Zeiss Meditec, Germany). At the end of surgery, the anterior chamber was kept full of air, and the 25-gauge pars plana trocars were removed. The patient was instructed to lie on his or her back for 1 h.Table 1Clinical Characteristics and Outcomes in 6 Patients Who Underwent Simultaneous PPV and DSAEKCaseAge (Years)/SexEyePreop StatusProcedurePreop BCVA Decimal (Spherical Equivalent)Three-Month Postop BCVA Decimal (Spherical Equivalent)Preop Donor Thickness (μm)Preop Donor ECD (Cells/mm2)Three-Month Postop ECD (Cells/mm2) (Change Rate)Complications128/MRBullous keratopathy, sutured IOL, macular atrophy, vitreous opacityDSAEK + PPV0.02 (uncorrectable)0.15 (−2.75 D)8525002078 (−16.9%)No286/FLBullous keratopathy, aphakia, silicone oil, repaired macular hole retinal detachmentDSAEK + intrascleral IOL fixation + PPVHand motion (uncorrectable)Hand motion (uncorrectable)4725252032 (−19.5%)No369/MLBullous keratopathy, aniridia, aphakia, silicone oil, post-ocular traumaDSAEK + intrascleral IOL fixation + PPV0.05 (+7.00 D)0.15 (+1.0 D)7628172906 (+3.2%)No451/MRBullous keratopathy, aphakia, ocular sarcoidosis, macular atrophyDSAEK + intrascleral IOL fixation + PPV0.2 (+14.0 D)0.2 (uncorrectable)402809UnavailableNo555/MLSecondary failure of DSAEK graft, penetrating keratoplasty graft, IOL subluxation, glaucoma, post-ocular traumaDSAEK + intrascleral IOL fixation + PPV0.15 (uncorrectable)0.6 (−1.5 D)8925191440 (−42.8%)Graft detachment at 0 day (simple rebubbling at 0 day was successful)679/FLBullous keratopathy, microcornea, aphakiaDSAEK + intrascleral IOL fixation + PPV0.04 (uncorrectable)0.5 (+0.75)432833UnavailableNo[^1] Figure 1Intraoperative images of the anterior segment in Cases 1 to 6 (**A**--**F**). In all cases, the DSAEK donor tissue was attached to the back surface of the host cornea with air. At this point, visibility of the retina was evaluated.

Results {#S0003}
=======

In all cases, after air injection to press the DSAEK graft against the back surface of the host cornea, using endoillumination and a wide-angle viewing system visibility of the retina was sufficient to safely control the cannula near the optic disc. This demonstrates that a fluid-air exchange maneuver is possible ([Figure 2](#F0002){ref-type="fig"}).Figure 2Intraoperative retinal images in Cases 1 to 6 (**A**--**F**). In all cases, the posterior pole was observed using endoillumination and a wide-angle viewing system through an air-filled anterior chamber with the DSAEK donor attached. The visibility of the retina was sufficient to control the cannula near the optic disc. In Case 1, the inferior-shifted optic disc was visible because the air pushed and tilted the sutured-IOL (**A**). In Case 2, peripapillary atrophy was noted because of the highly myopic eye (**B**).

Discussion {#S0004}
==========

In the current study, we demonstrated that the use of endoillumination and a wide-angle viewing system enabled sufficient visibility of the retina through an air-filled anterior chamber with a DSAEK donor attached, such that we were able to control the needle near the optic disc. Retinal image quality was determined based on multiple factors such as corneal transparency, pupil size, ocular media, and the viewing system. The RESIGHT^®^ 700 wide-angle viewing system enabled a panoramic view even in eyes with host-graft stromal edema and an air-filled anterior chamber. These were the first observations made of such a rare but clinically important condition. This observation supports the technical feasibility of the fluid-air exchange maneuver for achieving tamponade of both an anterior graft and the posterior retina.

Among the patients that require DSAEK, there may be complex eyes due to multiple surgeries or trauma. Complex eyes often have posterior segment problems including aphakia, luxation/subluxation of IOL, vitreous opacity, or retained silicone oil. In these eyes, careful preoperative evaluation of the entire eye is essential. Typically, when staged surgery was chosen, pretreatment surgery for PPV with iris-IOL diaphragm reconstruction was usually performed first. Visual recovery is then postponed until secondary DSAEK is performed in a few months. However, if staged surgery is possible, it is likely that simultaneous surgery is also possible. In other words, candidates for staged surgery are also candidates for simultaneous surgery, unless very active retinal diseases are present. The biggest advantage of simultaneous surgery is the rapid visual rehabilitation without pretreatment surgery.

Although modern small-gauge PPV has become a very safe procedure, the potential risk remains for intraoperative iatrogenic retinal detachment, which may require tamponade of the retina. The present study described the management of such rare complications when performing simultaneous surgery. The only concern regarding the presence of gas in both the anterior and posterior segments is that a long duration gas-endothelium touch or iris-endothelium touch may cause endothelial damage.

The limitation of the present study was the small sample size and a lack of quantitative analysis. In addition, our surgical approach may require two surgeons at the same time, both a cornea specialist and a vitreoretinal specialist.

In the future, there is possibility of employing simultaneous PPV and Descemet membrane endothelial keratoplasty (DMEK). Visibility of the retina through an air-filled anterior chamber with a dye-stained DMEK graft is unknown. Thus far, DMEK graft unfolding requires a stable iris-lens platform, and to plan the staged procedure is safe.

In conclusion, there may be complex bullous keratopathy after multiple surgeries or trauma, and these cases might be candidates for simultaneous PPV and DSAEK. Our clinical observations under rare but clinically important situations indicate that simultaneous PPV and DSAEK is possible with sufficient visualization of the posterior segment that includes the retina. Moreover, rapid visual rehabilitation is expected with simultaneous surgery. Future studies are needed to fully understand the indications, risks, and benefits of simultaneous PPV and DSAEK.
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[^1]: **Abbreviations:** DSAEK, Descemet's stripping automated endothelial keratoplasty; ECD, endothelial cell density; F, female; M, male; L, left eye; R, right eye; IOL, intraocular lens; PPV, pars plana vitrectomy.
